Introduction
Xerothermic grasslands of the Festuco-Brometea class in Central and Western Europe are mostly extrazonal, "steppe-type" vegetation patches, either of semi-natural (anthropogenic) or relic character (Medwecka-Kornaś & Kornaś 1972; Ellenberg 1996) . A massive decline of this habitat type, ongoing since the end of 19 th century, has its origin, on the one hand, in land-use intensification and, on the other, in pasture abandonment, which has led to their rapid secondary succession (Willems 2001; Poschlod & WallisDe Vries 2002) . As early as in 1920s, it was reported that the latter process was occurring on a large scale (Kozłowska 1925) . In the course of later investigations, various issues concerning overgrowing of dry grasslands were studied, e.g.: succession-driven changes of species richness, floristic composition, and community structure; successional stages and species turnover; limitation of microsites and seedling dispersal; and methods of effective restoration of patches (Faliński 1972; Bobbink & Willems 1987 , 1993 Świerczyńska 1990; Wilmanns & Sendtko 1995; Zerbe & Schacht 1998; Kupferschmid et al. 2000; Bąba 2003; Dierschke 2006; Chytrý 2007; Enyedi et al. 2008; Schrautzer et al. 2009; Rusina & Kiehl 2010; Hahn et al. 2012; Hegedüšová Vantarová & Škodová 2014) . Some studies showed that, except for trees and shrubs, calcareous grasslands can also be encroached with tall herbs, forming patches of xerothermophilous communities of the Trifolio-Geranietea sanguinei (Ger."Versaumung") class. Such communities should be regarded as post-terminal successional stages of abandoned calcareous grasslands (Dierschke 1985 (Dierschke , 2006 Wilmanns & Kratochwil 1983; Kratochwil 1984; Brzeg 2005; Chytrý 2007; Brzeg & Wika 2014) .
In Poland, however, such herb phytocoenoses were, for a long time, classified as specific or "successional" forms of Festuco-Brometea communities (e.g. Thermophilous fringe communities as an indicator of vegetation changes: a case study... Medwecka-Kornaś & Kornaś 1963 , 1972 Grodzińska 1970) , contributing to a poor state of their recognition. According to the first vegetation diagnosis of the "Murawy Dobromierskie" steppe reserve (Małopolska Upland) by Olaczek et al. (1993) , the most widespread non-forest plant community type was the xerothermic grassland association Thalictro-Salvietum pratensis Medw.- Korn. 1959 . At the same time, the above-mentioned authors emphasized that, in terms of its origin, the object vegetation was fully anthropogenic and, since the plantation of pine in 1950s, followed by abandonment of pastures, it was undergoing rapid secondary succession changes. As a matter of fact, those ThalictroSalvietum pratensis phytocoenoses were often found in their "post-terminal" development phase (Olaczek et al. 1993) . It is highly probable though, that most of such patches actually represented fringe communities of the Trifolio-Geranietea sanguinei. The last research on the reserve calcareous open-area vegetation showed that it was dominated by phytocoenoses of four associations of the Geranion sanguinei alliance, Trifolio-Geranietea sanguinei class (Szygendowski 2013).
A major focus of this paper is, thus, laid on comparing the state of the object non-forest xerothermic vegetation in the years 1993 and 2012 in order to analyze the secondary succession process in the syndynamical aspect. Moreover, the work aims to characterize rare and valuable forb fringe communities of the Geranion sanguinei documented in the course of the last survey (Szygendowski 2013).
Research area
The reserve (Fig. 1 ) covers an area of 36.29 ha. It is located about 2 km east of the village of Dobromierz (51°00′32″N 19°55′18″E), in Kluczewsko municipality, Włoszczowa district, Świętokrzyskie Voivodship, within the area of Przedbórz Landscape Park. The reserve is situated in the Małopolska Upland sub-province, the Przedbórz Upland (342.1) macroregion, in the northwestern part of the Przedbórz-Małogoszcz Range (342.15) mesoregion (Kondracki 1998) . Its area occupies southfacing slopes and summits of a Jurassic limestone hill. The most frequently occurring soil type is rendzina, turning into brown soils and -much more rarely -brown arenosol on sandy deposits at the foot of the hill. Average pH level ranges from 5.5-7.5 for rendzina to 4.5-5.0 for brown arenosols (Olaczek et al. 1993 ).
The area of today's reserve Murawy Dobromierskie has been recognized as a refuge of xerothermic flora since early 1980s (Wnuk 1981 (Wnuk , 1984 . The first full list of the reserve flora was drawn up by Olaczek et al. (1993) . About 320 species of vascular plants and 10 species of mosses were found in the reserve area at that time. At the present time, 14 plant species under protection (pursuant to the Regulation 2014) are known to occur in the object.
Based on the first reserve vegetation diagnosis by Olaczek et al. (1993) , the existence of 12 associations pertaining to 6 classes was stated. The authors documented the following community types occurring in the area: psammophilous swards (1 rel.), calcareous grasslands (14 rel.), xerothermic shrubs (7 rel.), forests (14 rel.), and segetal communities (21 rel.). Some grassland patches with the greatest abundance of Aster amellus were further recognized as a marginal form of the Inuletum ensifoliae association (Wnuk & Pisarek 2008) 
Material and methods
Field studies were carried out in 2012. At the stage of data collection, the Braun-Blanquet approach (BraunBlanquet 1964; Pawłowski 1972; Matuszkiewicz 2001; Dzwonko 2007) was applied. Areas of relevés ranged from 8 to 50 m 2 ; their typical localization was shrub/ forest edges, formerly cultivated open areas and/or former limestone excavations. To obtain a good insight into syntaxonomic differentiation of the reserve vegetation, and to avoid involvement of vegetation mosaic (i.e. grassland accompanied by herbs and shrubs, see Müller 1962 Müller , 1978 in single relevés, the authors regarded selection of homogenous patches as one of the major principles of field work, so that relevés did not exceed 50 m 2 in area. In another study, however, (Olaczek et al. 1993) , the area of relevés ranged from 100 to 400 m 2 indicating a higher homogeneity of vegetation. To provide comparability of two data sets, the authors ensured that the total area of the compared relevé sets was nearly the same (7 relevés in 1993 -750 m 2 and 43 relevés in 2012 -761 m 2 ). For each of the distinguished 4 associations, an analytic phytosociological table was assembled. A separate analytic table of the previously documented calcareous grassland association (Thalictro-Salvietum pratensis) was compiled, and it comprised 7 relevés randomly selected from the original data collected by Olaczek et al. (1993) . In a classical synoptic table, all the associations analyzed in the paper are compared. The category tagged G.s. coll. took all the examined associations of thermophilous herbs (i.e. of the Geranion sanguinei allian ce) as a whole, and enabled to better illustrate the state of the entire xerothermic non-forest vegetation of the reserve in year 2012. Spatial distribution of all relevés compared in the present paper is illustrated in Figure 1 . The background was derived from the Esri ® World Topographic Map.
In order to elucidate the main successional trends ongoing in the Murawy Dobromierskie reserve, a comparative table of three parameters: total mean cover coefficient (C), collective group share index (G), and systematic group value (D), estimated for the distinguished groups of taxa, was compiled. The cover coefficients and constancy degrees were calculated with the use of © ExGrad for Windows 1.01 (Sławnikowski 1998) software. In each analytic table, the obtained results were added up within all syntaxonomical groups. For other estimations, MS Excel software was used. The D values were calculated by the formula: D = G*S/100, where G (collective group share index) and S (group constancy) were calculated as follows: G = (g/t)100; S = (g/z*n)100. The following designations were useds: g -the sum of occurrences of a given syntaxonomical group in the analytic table; t -the sum of occurrences of all taxa in the table; z -the number of taxa of a given group; n -the number of relevés in the table. For four Geranion sanguinei associations taken collectively, the C coefficient sums, the G indices, and the D values, obtained for each group of taxa, were averaged. In the calculation of the parameters, only vascular plant taxa were taken into account.
To precisely indicate the syntaxonomical status of the taxa listed in each analytic table, the following abbreviations were applied: A -Artemisietea vulgaris;
The nomenclature of syntaxonomical units is compatible with current classification by Ratyńska et al. (2010) .
The nomenclature of vascular plants and mosses follows works by Rutkowski (2004) and Ochyra et al. (2003) , respectively. In the 2013 study, the taxonomic approach to species was more detailed than the one applied in the preceding research, and the following microtaxa were distinguished: Achillea millefolium s. (Table 1 -Tables 1-7 O c c u r r e n c e c o n d i t i o n s : In the "Murawy Dobromierskie" nature reserve, the Peucedanetum cervariae was the most widespread association of the Geranion sanguinei. It took mostly the form of the "post-terminal development stage" of xerothermic grasslands, covering relatively big areas. Its patches covered open spaces on hill summits and upper parts of slopes, the latter almost exclusively exposed to the south. On rendzina soils, phytocoenoses of this association demonstrated their exceptionally xerothermic character, compared to other communities of the mentioned alliance present in the object. P h y s i o g n o m y : Usually three vegetation layers were present. The shrub layer occurred almost always.
The herb layer was generally well-developed. It was represented by dicots, grasses and sedges. The cover of the moss layer was overally significant as well. D i f f e r e n t i a t i o n . All phytocoenoses of the Peucedanetum cervariae found in the reserve represented the P.c. brachypodietosum pinnati subassociation, comprising the most calciphilous forms of the unit, though lacking any differentiating species. (Table 2) O c c u r r e n c e c o n d i t i o n s : The association is related to partially altered habitats, such as shrub edges on ex-arable lands. In the reserve, phytocoenoses of this type occurred almost exclusively on sloping lands, mainly in lower parts of slopes (due to a better development of soil levels), mostly along shrub edges on abandoned arable fields, or in clearings within the shrub formation. P h y s i o g n o m y : Usually, three vegetation layers were present. The shrub layer was well developed. The herb layer was lush, and consisted of dicots and grasses. The abundancy of the moss layer varied significantly. D i f f e r e n t i a t i o n : The Campanulo bononiensisVicietum tenuifoliae was locally poorly differentiated and was represented only by the C. In the reserve, patches of the Geranio-Anemonetum sylvestris occurred on flat, as well as on sloping areas of any exposition or inclination. Phytocoenoses found in the object generally preferred initial rendzina soils, with even higher concentration of skeleton material in their profile, compared to the substrates overgrown by e.g. the Peucedanetum cervariae. They could be typically encountered on shrub edges in upper parts of slopes, and in former limestone quarries. P h y s i o g n o m y : Phytocoenoses of this unit present in the reserve were characterized by a distinct threelayer structure. The shrub layer consisted of species commonly found in all studied communities. The herb layer varied widely in terms of coverage from relatively dispersed to thick and exuberant. The moss layer was always present and relatively strong. D i f f e r e n t i a t i o n : In accordance with the division by Brzeg (2002 Brzeg ( , 2005 , phytocoenoses of the 
Campanulo bononiensis-Vicietum tenuifoliae

Vegetation changes between 1993-2012
In the present analysis, two sets of relevés, diagnosed as: 1) the Thalictro-Salvietum pratensis (recorded in 1993), and 2) four communities of the Geranion sanguinei (documented in 2012), were compared with regard to floristic changes that accumulated over 19 years.
In the synoptic table (Table 6 ), floristic compositions of each association characterized in chapter 3.1. (columns 1-4) , the species combination of these associations taken collectively as the Geranion sanguinei (column 5), and one of the above mentioned ThalictroSalvietum phytocoenoses, were put together. should also be considered an important phenomenon. As for the Rhamno-Prunetea group, a prominent role of three shrub species in the composition of present communities (Cornus sanguinea, Ligustrum vulgare, and newly recorded Rosa dumalis) should be emphasized. Distinct changes in the species combination could also be observed within other syntaxonomical groups (the Molinio-Arrhenatheretea, the Koelerio-Corynephoretea, and the Artemisietea vulgaris), as well as within further accompanying taxa.
The secondary succession process manifested itself most strikingly in the vegetation structure alteration, namely, a massive development of the moss layer, which attained in 2012 a mean cover of ca. 54%, and was almost non-existent back in 1993. Simultaneously, the herb layer reasonably declined in cover, from 100% to ca. 80%.
Using selected numerical parameters, an attempt was made to verify tendencies indicated in Table 6 . Table  7 shows that in the period 1993-2012, for 7 out of 11 syntaxonomic distinguished groups, an unambiguous decrease in the values of the above-mentioned indices took place. These groups constituted character taxa of the following units: Artemisietea vulgaris and Geranion sanguinei (with the values of G and D having sizeably dropped during that period), Trifolio-Geranietea sanguinei, Cirsio-Brachypodion pinnati, and FestucoBrometea (with the C value substantially higher for 1993 vs. 2012), Brometalia erecti, Koelerio-Corynephoretea, and the group of other accompanying taxa (with the values of all variables considerably higher for 1993). For character taxa of only two units, i.e.: MolinioArrhenatheretea and Rhamno-Prunetea, the value of any parameter notably increased over that time, i.e.: D; D and G, respectively. Within the sole group of characteristic taxa of the examined Geranion sanguinei associations, no significant changes were stated.
The data presented above show that the reserve vegetation underwent three major successional trends. These comprised: (1) retreat of thermophilous vegetation (manifested by a drop of values, estimated for the following groups of taxa: Brometalia erecti, CirsioBrachypodion, Festuco-Brometea, Geranion sanguinei, Koelerio-Corynephoretea, and Trifolio-Geranietea) , (2) its replacement by a xerothermic shrub formation (demonstrated by G and D coefficients growth, estimated for the Rhamno-Prunetea taxa), and (3) expansion of the moss layer against a decline of the herb layer.
Discussion
As it was mentioned earlier, the recession of calcareous grasslands resulted from gradual abandonment of pastures, meadows, and arable fields which led to increased litter deposition, moistening and shading habitats, and, consequently, colonization of grasslands by shrubs and tall dicotyledonous herbs (Perzanowska & Kujawa-Pawlaczyk 2004) . This trend of changes was observed for a long time in many places of Central Europe (Kozłowska 1925; Kaiser 1926; Bornkamm & Eber 1967; Głazek 1968 Głazek , 1987 Faliński 1972; Dierschke 1974 Dierschke , 1985 Dierschke , 2006 Korneck 1974; Świerczyńska 1990; Wilmanns & Sendtko 1995; Zerbe & Schacht 1998; Willems 2001; Poschlod & WallisDe Vries 2002; Bąba 2003; Babczyńska-Sendek 2005; Chytrý 2007; Hegedüšová Vantarová & Škodová 2014) . However, the issue of the role of Trifolio-Geranietea sanguinei communities in this process has been rarely discussed so far (Bornkamm & Eber 1967; Dierschke 1974 Dierschke , 1985 Dierschke , 2006 Korneck 1974; Brzeg 2005; Brzeg & Wika 2014) .
The studies on the "Murawy Dobromierskie" reserve vegetation (Szygendowski 2013) provided useful materials for analyzing this problem. It seems that xerothermic grasslands present there still in 1990s (Olaczek et al. 1993 ) underwent an advanced secondary succession. The documented grassland phytocoenoses were characterized by a high share of shrubs and xerothermic herbs; what is more, they were given a controversial syntaxonomical status. Their classification as the Thalictro-Salvietum pratensis seems dubious due to the lack of character species of this association (see Matuszkiewicz 2001; Ratyńska et al. 2010) . It was related rather to the Origano-Brachypodietum vincetoxicetosum Medw.-Korn. et Kornaś 1963 or, some patches with Aster amellus, even to the Inuletum ensifoliae (Wnuk & Pisarek 2008) . The authors' observations from 2012 proved that a single patch of grassland of such type was still present in the reserve, and was located in the area where special protection measures impeding secondary succession were applied (i.e. repetive shrub cutting and disturbing of soil surface).
Regarding the results of the analysis presented above, it can be assumed that phytocoenoses of thermophilous herbs were widespread in the reserve back in 1993. However, the typical area of the relevés taken at that time (Olaczek et al. 1993 ) was nearly 100 m 2 , so that the vegetation mosaic, including calcareous grasslands, shrubbery tufts, and tall herb phytocoenoses, could have been incorporated. This can explain unexpectedly high values of indices, estimated for the Geranion sanguinei, the Rhamno-Prunetea, and the Trifolio-Geranietea sanguinei, based on the material from 1993 (Table 7) . Moreover, as stated previously, two dominant moss taxa were not included in the analysis of the parameters. Taking this into account, the above-mentioned phenomenon of a rapid development of the moss layer in the period 1993-2012 could have contributed to the underestimation of all values, especially of the cover index, for the latter year. Bearing this in mind, it seems that a direct comparison of full floristic compositions of communies in a synoptic table would give a better illustration of changes than using numerical parameters, estimated on the basis of partly different groups of taxa, quality-wise.
In the face of rapidly ongoing processes of secondary succession as well as apparent ineffectiveness of undertaken protection measures, the reserve protection plan needs urgent revision. This also applies to other "steppetype" nature reserves, whose vegetation was not been studied for decades. Firstly, the most precise recognition of the area vegetation is needed, based on the current syntaxonomic division by Brzeg (2005 ), Ratyńska et. al. (2010 ), and Brzeg & Wika (2014 , so that associations of the Trifolio-Geranietea sanguinei class are not missed anymore. Secondly, the major protection goal of the plan should also be reconsidered. Namely, thermophilous herb communities and forest ecosystems, as a refuge of rare and protected flora, deserve protection as much as calcareous grasslands and xerothermic shrubs do. Last but not least, considering such low effectiveness of protection measures so far implemented in the reserve, i.e. shrub cutting and grassland mowing, we stipulate their partial cessation. Instead, we propose rehabilitation of traditional methods of land use, such as grazing and controlled burning. Such diversification of protection activities would obviously increase implementation costs of the plan, but this is crucial for impeding the expansion of shrubs, and preserving the vegetation mosaic of forests, xerothermic shrubs, thermophilous herbs, and calcareous grasslands. Biodiv. Res. Conserv. 40: 77-104, 2015 Explanations: C -cover coefficient, G -collective group share index, D -systematic group value (the values of a greater importance for the studied problem are typed in bold)
